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HYDRAULIC SYSTEM HAVING A 
PRESSURE COMPENSATOR 

TECHNICAL FIELD 

The present disclosure relates generally to a hydraulic 
system, and more particularly, to a hydraulic system having 
a pressure compensator. 

BACKGROUND 

Work machines such as, for example, dozers, loaders, 
excavators, motor graders, and other types of heavy machin 
ery use one or more hydraulic actuators to accomplish a 
variety of tasks. These actuators are ?uidly connected to a 
pump on the Work machine that provides pressurized ?uid to 
chambers Within the actuators. An electro-hydraulic valve 
arrangement is typically ?uidly connected betWeen the 
pump and the actuators to control a ?oW rate and direction 
of pressurized ?uid to and from the chambers of the actua 
tors. 

Work machine hydraulic circuits that ?uidly connect 
multiple actuators to a common pump may experience 
undesirable pressure ?uctuations Within the circuits during 
operation of the actuators. In particular, the pressure of a 
?uid supplied to one actuator may undesirably ?uctuate in 
response to operation of a different actuator ?uidly con 
nected to the same hydraulic circuit. These pressure ?uc 
tuations may cause inconsistent and/or unexpected actuator 
movements. In addition, the pressure ?uctuations may be 
severe enough and/or occur often enough to cause malfunc 
tion or premature failure of hydraulic circuit components. 
One method of reducing these pressure ?uctuations Within 

the ?uid supplied to a hydraulic actuator is described in US. 
Pat. No. 5,878,647 (the ’647 patent) issued to Wilke et al. on 
Mar. 9, 1999. The ’647 patent describes a hydraulic circuit 
having tWo pairs of solenoid valves, a variable displacement 
pump, a reservoir tank, and a hydraulic actuator. One pair of 
the solenoid valves includes a head-end supply valve and a 
head-end return valve that connects a head end of the 
hydraulic actuator to either the variable displacement pump 
or the reservoir tank. The other pair of solenoid valves 
includes a rod-end supply valve and a rod-end return valve 
that connects a rod end of the hydraulic actuator to either the 
variable displacement pump or the reservoir tank. Each of 
these four solenoid valves is associated With a different 
pressure compensating check valve. Each pressure compen 
sating check valve is connected betWeen the associated 
solenoid valve and the actuator to control a pressure of the 
?uid betWeen the associated valve and the actuator. 

Although the multiple pressure compensating valves of 
the hydraulic circuit described in the ’647 patent may reduce 
pressure ?uctuations Within the hydraulic circuit, they may 
increase the cost and complexity of the hydraulic circuit. In 
addition, the pressure compensating valves of the ’647 
patent may not control the pressures Within the hydraulic 
circuit precise enough for optimal performance of the asso 
ciated actuator. 

The disclosed hydraulic cylinder is directed to overcom 
ing one or more of the problems set forth above. 

SUMMARY OF THE INVENTION 

In one aspect, the present disclosure is directed to a 
hydraulic system. The hydraulic system includes a source of 
pressurized ?uid and a ?uid actuator With a ?rst chamber and 
a second chamber. The hydraulic system also includes a ?rst 
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2 
valve con?gured to selectively ?uidly communicate the 
source With the ?rst chamber, and a second valve con?gured 
to selectively ?uidly communicate the source With the 
second chamber. The hydraulic system also includes a 
supply passageWay con?gured to direct pressurized ?uid 
from the source to the ?rst and second valves in parallel. The 
hydraulic system also includes a signal passageWay disposed 
betWeen the ?rst and second valves, the ?rst and second 
valves being connected in parallel With the signal passage 
Way. The hydraulic system also includes a proportional 
pressure compensating valve con?gured to control a pres 
sure of a ?uid directed betWeen the source and the ?rst and 
second valves. The hydraulic system further includes at least 
one ?uid passageWay disposed betWeen the supply and 
signal passageWays to ?uidly communicate the supply and 
signal passageWays. 

In another aspect, the present disclosure is directed to a 
hydraulic valve unit that includes a valve body. The valve 
body includes a ?rst valve con?gured to selectively ?uidly 
communicate a source of pressurized ?uid With a ?rst 
chamber of a ?uid actuator and a second valve con?gured to 
selectively ?uidly communicate the source With a second 
chamber of the ?uid actuator. The valve body also includes 
a supply passageWay disposed betWeen the ?rst and second 
valves in parallel. The valve body further includes a pro 
portional pressure compensating valve disposed Within the 
supply passageWay betWeen the source and the ?rst and 
second valves. The proportional pressure control valve is 
con?gured to control a pressure of ?uid directed betWeen the 
?rst and second valves. 

In another aspect, the present disclosure is directed to a 
method of operating a hydraulic system. The method 
includes pressurizing a ?uid, directing the pressurized ?uid 
via a supply passageWay to a ?rst valve in communication 
With a ?rst chamber of a ?uid actuator, and directing the 
pressurized ?uid to a second valve via the supply passage 
Way in communication With a second chamber of the ?uid 
actuator. The method also includes selectively operating at 
least one of the ?rst and second valves to move the ?uid 
actuator. The method also includes directing pressurized 
?uid from a signal passageWay disposed doWnstream of the 
?rst and second valves to a pressure compensating valve 
element and directing pressurized ?uid from the supply 
passageWay to the signal passageWay via at least one ?uid 
passageWay. The method further includes moving a propor 
tional pressure compensating valve element in response to 
pressures at an inlet and an outlet of one of the ?rst and 
second valves to maintain a pressure dilferential across the 
one of the ?rst and second valves Within a predetermined 
range of a desired pressure di?ferential. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side-vieW diagrammatic illustration of a Work 
machine according to an exemplary disclosed embodiment; 

FIG. 2 is a schematic illustration of an exemplary dis 
closed hydraulic circuit; and 

FIG. 3 is a schematic illustration of another exemplary 
disclosed hydraulic circuit. 

DETAILED DESCRIPTION 

FIG. 1 illustrates an exemplary Work machine 10. Work 
machine 10 may be a ?xed or mobile machine that performs 
some type of operation associated With an industry such as 
mining, construction, farming, or any other industry knoWn 
in the art. For example, Work machine 10 may be an earth 
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moving machine such as a dozer, a loader, a backhoe, an 
excavator, a motor grader, a dump truck, or any other earth 
moving machine. Work machine 10 may also include a 
generator set, a pump, a marine vessel, or any other suitable 
operation-performing Work machine. Work machine 10 may 
include a frame 12, at least one Work implement 14, and at 
least one hydraulic cylinder 16 connecting Work implement 
14 to frame 12. It is contemplated that hydraulic cylinder 16 
may be omitted, if desired, and a hydraulic motor included. 

Frame 12 may include any structural unit that supports 
movement of Work machine 10. Frame 12 may be, for 
example, a stationary base frame connecting a poWer source 
(not shoWn) to a traction device 18, a movable frame 
member of a linkage system, or any other type of frame 
knoWn in the art. 
Work implement 14 may include any device used in the 

performance of a task. For example, Work implement 14 
may include a blade, a bucket, a shovel, a ripper, a dump 
bed, a propelling device, or any other task-performing 
device knoWn in the art. Work implement 14 may be 
connected to frame 12 via a direct pivot 20, via a linkage 
system With hydraulic cylinder 16 forming one member in 
the linkage system, or in any other appropriate manner. 
Work implement 14 may be con?gured to pivot, rotate, slide, 
sWing, or move relative to frame 12 in any other manner 
knoWn in the art. 
As illustrated in FIG. 2, hydraulic cylinder 16 may be one 

of various components Within a hydraulic system 22 that 
cooperate to move Work implement 14. Hydraulic system 22 
may include a source 24 of pressurized ?uid, a tank 34, and 
a valve body 90. It is contemplated that hydraulic system 22 
may include additional and/or different components such as, 
for example, a pressure sensor, a temperature sensor, a 
position sensor, a controller, an accumulator, and other 
components knoWn in the art. 

Hydraulic cylinder 16 may include a tube 46 and a piston 
assembly 48 disposed Within tube 46. One of tube 46 and 
piston assembly 48 may be pivotally connected to frame 12, 
While the other of tube 46 and piston assembly 48 may be 
pivotally connected to Work implement 14. It is contem 
plated that tube 46 and/or piston assembly 48 may alter 
nately be ?xedly connected to either frame 12 or Work 
implement 14. Hydraulic cylinder 16 may include a ?rst 
chamber 50 and a second chamber 52 separated by piston 
assembly 48. The ?rst and second chambers 50, 52 may be 
selectively supplied With a ?uid pressurized by source 24 
and ?uidly connected With tank 34 to cause piston assembly 
48 to displace Within tube 46, thereby changing the effective 
length of hydraulic cylinder 16. The expansion and retrac 
tion of hydraulic cylinder 16 may function to assist in 
moving Work implement 14. 

Piston assembly 48 may include a piston 54 axially 
aligned With and disposed Within tube 46, and a piston rod 
56 connectable to one of frame 12 and Work implement 14 
(referring to FIG. 1). Piston 54 may include a ?rst hydraulic 
surface 58 and a second hydraulic surface 59 opposite ?rst 
hydraulic surface 58. An imbalance of force caused by ?uid 
pressure on ?rst and second hydraulic surfaces 58, 59 may 
result in movement of piston assembly 48 Within tube 46. 
For example, a force on ?rst hydraulic surface 58 being 
greater than a force on second hydraulic surface 59 may 
cause piston assembly 48 to displace to increase the effective 
length of hydraulic cylinder 16. Similarly, When a force on 
second hydraulic surface 59 is greater than a force on ?rst 
hydraulic surface 58, piston assembly 48 Will retract Within 
tube 46 to decrease the effective length of hydraulic cylinder 
16. A sealing member (not shoWn), such as an o-ring, may 
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4 
be connected to piston 54 to restrict a ?oW of ?uid betWeen 
an internal Wall of tube 46 and an outer cylindrical surface 
of piston 54. 

Source 24 may be con?gured to produce a ?oW of 
pressurized ?uid and may include a pump such as, for 
example, a variable displacement pump, a ?xed displace 
ment pump, or any other source of pressurized ?uid knoWn 
in the art. Source 24 may be drivably connected to a poWer 
source (not shoWn) of Work machine 10 by, for example, a 
countershaft (not shoWn), a belt (not shoWn), an electrical 
circuit (not shoWn), or in any other suitable manner. Source 
24 may be disposed betWeen tank 34 and valve body 90. 
Source 24 may be dedicated to supplying pressurized ?uid 
only to hydraulic system 22, or alternately may supply 
pressurized ?uid to additional hydraulic systems 55 Within 
Work machine 10. 

Tank 34 may constitute a reservoir con?gured to hold a 
supply of ?uid. The ?uid may include, for example, a 
dedicated hydraulic oil, an engine lubrication oil, a trans 
mission lubrication oil, or any other ?uid knoWn in the art. 
One or more hydraulic systems Within Work machine 10 
may draW ?uid from and return ?uid to tank 34. It is also 
contemplated that hydraulic system 22 may be connected to 
multiple separate ?uid tanks. 

Valve body 90 may include multiple bores and conduits 
therein. Speci?cally, valve body 90 may constitute a housing 
con?gured to contain, support, and/or constitute various 
components of hydraulic system 22. Valve body 90 may be 
in ?uid communication With ?rst chamber 50 via a port 92, 
With second chamber 52 via a port 94, With source 24 via a 
port 102, and With tank 34 via ports 96, 98, 100. Speci?cally, 
ports 92, 94, 96, 98, 100, 102 may be formed at boundaries 
of valve body 90 and may be con?gured to permit connec 
tion betWeen valve body 90 and source 24, ?uid actuator 16, 
and tank 34. It is contemplated that ports 96, 98, 100, may 
be formed as a single port or any desirable number of ports 
to permit connection betWeen valve body 90 and tank 34. 
Valve body 90 may include a head-end supply valve 26, a 
head-end drain valve 28, a rod-end supply valve 30, a 
rod-end drain valve 32, and a proportional pressure com 
pensating valve 36. Valve body 90 may also include a 
head-end pressure relief valve 38, a head-end makeup valve 
40, a rod-end pressure relief valve 42, and a rod-end makeup 
valve 44. Valve body 90 may also include ?uid passageWays 
60, 62, 64, 66, 68, 78, 82, a shuttle valve 74, a check valve 
76, and restrictive ori?ces 70, 72, 80, 84. It is contemplated 
that valve body 90 may be an integral housing and may be 
connected to or mounted on frame 12 in any suitable manner 
knoWn in the art. 

Head-end supply valve 26 may be disposed Within valve 
body 90 in ?uid communication With source 24 and ?rst 
chamber 50 via ports 102 and 92, respectively, and con?g 
ured to regulate a ?oW of pressurized ?uid to ?rst chamber 
50. Speci?cally, head-end supply valve 26 may include a 
tWo-position spring biased valve element 200 supported 
Within a bore 202 formed in valve body 90. Valve element 
200 may be solenoid actuated and con?gured to move 
betWeen a ?rst position at Which ?uid is alloWed to ?oW to 
?rst chamber 50 and a second position at Which ?uid ?oW is 
blocked from ?oWing to ?rst chamber 50. It is contemplated 
that head-end supply valve 26 may include additional or 
different mechanisms such as, for example, a proportional 
valve element or any other valve mechanisms knoWn in the 
art. It is also contemplated that head-end supply valve 26 
may alternately be hydraulically actuated, mechanically 
actuated, pneumatically actuated, or actuated in any other 
suitable manner. It is further contemplated that head-end 
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supply valve 26 may be con?gured to allow ?uid from ?rst 
chamber 50 to ?oW through head-end supply valve 26 via 
port 92 during a regeneration event When a pressure Within 
?rst chamber 50 exceeds a pressure directed to head-end 
supply valve 26 from source 24. 

Head-end drain valve 28 may be disposed Within valve 
body 90 in ?uid communication With ?rst chamber 50 and 
tank 34 via ports 92 and 100, respectively, and con?gured to 
regulate a ?oW of pressurized ?uid from ?rst chamber 50 to 
tank 34. Speci?cally, head-end drain valve 28 may include 
a tWo-position spring biased valve element 204 supported 
Within a bore 206 formed in valve body 90. Valve element 
204 may be solenoid actuated and con?gured to move 
betWeen a ?rst position at Which ?uid is alloWed to ?oW 
from ?rst chamber 50 and a second position at Which ?uid 
is blocked from ?oWing from ?rst chamber 50. It is con 
templated that head-end drain valve 28 may include addi 
tional or different valve mechanisms such as, for example, a 
proportional valve element or any other valve mechanism 
knoWn in the art. It is also contemplated that head-end drain 
valve 28 may alternately be hydraulically actuated, 
mechanically actuated, pneumatically actuated, or actuated 
in any other suitable manner. 

Rod-end supply valve 30 may be disposed Within valve 
body 90 in ?uid communication With source 24 and second 
chamber 52 via ports 102 and 94, respectively, and con?g 
ured to regulate a ?oW of pressurized ?uid to second 
chamber 52. Speci?cally, rod-end supply valve 30 may 
include a tWo-position spring biased valve element 208 
supported Within a bore 210 formed in valve body 90. Valve 
element 208 may be solenoid actuated and con?gured to 
move between a ?rst position at Which ?uid is alloWed to 
?oW to second chamber 52 and a second position at Which 
?uid is blocked from ?oWing to second chamber 52. It is 
contemplated that rod-end supply valve 30 may include 
additional or different valve mechanisms such as, for 
example, a proportional valve element or any other valve 
mechanism knoWn in the art. It is also contemplated that 
rod-end supply valve 30 may alternately be hydraulically 
actuated, mechanically actuated, pneumatically actuated, or 
actuated in any other suitable manner. It is further contem 
plated that rod-end supply valve 30 may be con?gured to 
alloW ?uid from second chamber 52 to ?oW through rod-end 
supply valve 30 via port 94 during a regeneration event 
When a pressure Within second chamber 52 exceeds a 
pressure directed to rod-end supply valve 30 from source 24. 

Rod-end drain valve 32 may be disposed Within valve 
body 90 in ?uid communication With second chamber 52 
and tank 34 via ports 94 and 100, respectively, and con?g 
ured to regulate a ?oW of pressurized ?uid from second 
chamber 52 to tank 34. Speci?cally, rod-end drain valve 32 
may include a tWo-position spring biased valve element 212 
supported Within a bore 214 formed in valve body 90. Valve 
element 212 may be solenoid actuated and con?gured to 
move betWeen a ?rst position at Which ?uid is alloWed to 
?oW from second chamber 52 and a second position at Which 
?uid is blocked from ?oWing from second chamber 52. It is 
contemplated that rod-end drain valve 32 may include 
additional or different valve mechanisms such as, for 
example, a proportional valve element or any other valve 
mechanism knoWn in the art. It is also contemplated that 
rod-end drain valve 32 may alternately be hydraulically 
actuated, mechanically actuated, pneumatically actuated, or 
actuated in any other suitable manner. 

Head-end and rod-end supply and drain valves 26, 28, 30, 
32 may be ?uidly interconnected. In particular, head-end and 
rod-end supply valves 26, 30 may be connected in parallel 
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6 
to an upstream common supply ?uid passageWay 60 and 
connected to a doWnstream common signal ?uid passage 
Way 62. Upstream common supply ?uid passageWay 60 and 
doWnstream common signal ?uid passageWay 62 may each 
be a separate conduit formed in valve body 90 and may 
connect head-end and rod-end supply valve bores 202, 210. 
Head-end and rod-end drain valves 28, 32 may be connected 
in parallel to a doWnstream common drain passageWay 64. 
Common drain passageWay 64 may be a conduit formed in 
valve body 90 and may connect head-end and rod-end drain 
valve bores 206, 214 and terminate at port 100 to permit 
?uid ?oW to tank 34. 

Head-end supply and drain valves 26, 28 may be con 
nected in parallel to a ?rst chamber ?uid passageWay 61. 
First chamber ?uid passageWay 61 may be a conduit formed 
in valve body 90 that connects head-end supply and drain 
valve bores 202, 206. The ?rst chamber ?uid conduit of 
passageWay 61 may terminate at ?uid port 92 formed at a 
boundary of valve body 90 to permit ?uid ?oW to ?rst 
chamber 50. Rod-end supply and return valves 30, 32 may 
be connected in parallel to a second chamber ?uid passage 
Way 63. Second chamber ?uid passageWay 63 may be a 
conduit formed in valve body 90 and may connect rod-end 
supply and drain valve bores 210, 212 and may terminate at 
?uid port 94 to permit ?uid ?oW to second chamber 52. 

Head-end pressure relief valve 38 may be ?uidly con 
nected to ?rst chamber ?uid passageWay 61 betWeen ?rst 
chamber 50 and head-end supply and drain valves 26, 28. 
Head-end pressure relief valve 38 may have a spring biased 
valve element (not referenced) supported Within a bore (not 
referenced) formed in valve body 90. The ?rst chamber ?uid 
conduit of passageway 61 may connect the head-end pres 
sure relief valve bore and may terminate at port 96 to permit 
?uid ?oW through head-end pressure relief valve 38 to tank 
34. The valve element may be spring biased toWard a valve 
closing position and movable to a valve opening position in 
response to a pressure Within ?rst chamber ?uid passageWay 
61 being above a predetermined pressure. In this manner, 
head-end pressure relief valve 38 may be con?gured to 
reduce a pressure spike Within hydraulic system 22 caused 
by external forces acting on Work implement 14 and piston 
54 by alloWing ?uid from ?rst chamber 50 to drain to tank 
34. 

Head-end makeup valve 40 may be ?uidly connected to 
?rst chamber ?uid passageWay 61 betWeen ?rst chamber 50 
and head-end supply and drain valves 26, 28. Head-end 
makeup valve 40 may have a valve element (not referenced) 
supported Within a bore (not referenced) formed in valve 
body 90 and con?gured to alloW ?uid from tank 34 into ?rst 
chamber ?uid passageWay 61 in response to a ?uid pressure 
Within ?rst chamber ?uid passageWay 61 being beloW a 
pressure of the ?uid Within tank 34. The head-end makeup 
valve bore may be connected to the ?rst chamber ?uid 
conduit of passageWay 61 to permit ?uid ?oW from port 96 
through head-end makeup valve 40 to ?rst chamber 50. In 
this manner, head-end makeup valve 40 may be con?gured 
to reduce a drop in pressure Within hydraulic system 22 
caused by external forces acting on Work implement 14 and 
piston 54 by alloWing ?uid from tank 34 to ?ll ?rst chamber 
50. 

Rod-end pressure relief valve 42 may be ?uidly connected 
to second chamber ?uid passageWay 63 betWeen second 
chamber 52 and rod-end supply and drain valves 30, 32. 
Rod-end pressure relief valve 42 may have a spring biased 
valve element (not referenced) supported Within a bore (not 
referenced) formed in valve body 90. The second chamber 
conduit of passageWay 63 may connect the head-end pres 
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sure relief valve bore and may terminate at port 98 to permit 
?uid ?ow through head-end pressure relief valve 42 to tank 
34. The valve element may be spring biased toward a valve 
closing position and movable to a valve opening position in 
response to a pressure within ?rst chamber ?uid passageway 
63 being above a predetermined pressure. In this manner, 
rod-end pressure relief valve 42 may be con?gured to reduce 
a pressure spike within hydraulic system 22 caused by 
external forces acting on work implement 14 and piston 54 
by allowing ?uid from second chamber 52 to drain to tank 
34. 

Rod-end makeup valve 44 may be ?uidly connected to 
second chamber ?uid passageway 63 between second cham 
ber 52 and rod-end supply and drain valves 30, 32. Rod-end 
makeup valve 44 may have a valve element (not referenced) 
supported within a bore (not referenced) formed in valve 
body 90 and con?gured to allow ?uid from tank 34 into 
second chamber ?uid passageway 63 in response to a ?uid 
pressure within second chamber ?uid passageway 63 being 
below a pressure of the ?uid within tank 34. The head-end 
makeup valve bore may be connected to the second chamber 
?uid conduit of passageway 63 to permit ?uid ?ow from port 
98 through head-end makeup valve 44 to second chamber 
52. In this manner, rod-end makeup valve 44 may be 
con?gured to reduce a drop in pressure within hydraulic 
system 22 caused by external forces acting on work imple 
ment 14 and piston 54 by allowing ?uid from tank 34 to ?ll 
second chamber 52. 

Valve body 90 may include additional components to 
control ?uid pressures and/or ?ows within hydraulic system 
22. Speci?cally, valve body 90 may include shuttle valve 74 
disposed within downstream common signal ?uid passage 
way 62. Shuttle valve 74 may include a shuttle valve 
element (not referenced) supported within a bore (not ref 
erenced) formed in valve body 90. The shuttle valve bore 
may be connected to the downstream common signal ?uid 
conduit of passageway 62. Shuttle valve 74 may be con?g 
ured to ?uidly connect the one of head-end and rod-end 
supply valves 26, 30 having a lower ?uid pressure to 
proportional pressure compensating valve 36 in response to 
a higher ?uid pressure from either head-end or rod-end 
supply valves 26, 30. In this manner, shuttle valve 74 may 
resolve pressure signals from head-end and rod-end supply 
valves 26, 30 to allow the lower outlet pressure of the two 
valves to affect movement of proportional pressure compen 
sating valve 36. Because shuttle valve 74 allows the lower 
pressure to affect proportional pressure compensating valve 
36 in response to the higher pressure, proportional pressure 
compensating valve 36 may function correctly even during 
regeneration events. 

Valve body 90 may also include pressure balancing pas 
sageways 66, 68 to control ?uid pressures and/or ?ows 
within hydraulic system 22. Fluid passageways 66, 68 may 
each be con?gured as a separate conduit formed in valve 
body 90 to ?uidly connect upstream common supply ?uid 
passageway 60 and downstream common signal ?uid pas 
sageway 62. Fluid passageways 66, 68 may include restric 
tive ori?ces 70, 72, respectively, formed within valve body 
90 to minimize pressure and/or ?ow oscillations within ?uid 
passageways 66, 68. It is contemplated that ?uid passage 
ways 66, 68 may alternately be formed as conduits in 
rod-end and head-end supply valve elements 202, 210, 
respectively (not shown), and restrictive ori?ces 70, 72 may 
be formed within rod-end and head-end valve elements 202, 
210 to minimize pressure and/or ?ow oscillations within 
?uid passageways 66, 68. 
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Valve body 90 may also include a check valve 76 disposed 

between proportional pressure compensating valve 36 and 
upstream ?uid passageway 60. Check valve 76 may include 
a check valve element (not referenced) supported within 
valve body 90. It is contemplated that hydraulic system 22 
and/or valve body 90 may include additional and/ or different 
components to control ?uid pressures and/or ?ows within 
hydraulic system 22. 

Proportional pressure compensating valve 36 may be a 
hydro-mechanically actuated proportional control valve dis 
posed between upstream common supply ?uid passageway 
60 and source 24, and may be con?gured to control a 
pressure of the ?uid supplied to upstream common supply 
?uid passageway 60. Speci?cally, proportional pressure 
compensating valve 36 may include a pressure compensat 
ing valve element 216 supported within a pressure compen 
sating bore 218 formed in valve body 90. The proportional 
pressure compensating valve element may be connected to 
the upstream common supply conduit of passageway 60 and 
may be further connected to port 102, either directly or via 
an inlet ?uid conduit (not referenced) formed in valve body 
90. Valve element 216 may be spring and hydraulically 
biased toward a ?ow passing position and movable by 
hydraulic pressure toward a ?ow blocking position. Propor 
tional pressure compensating valve 36 may be movable 
toward the ?ow blocking position by a ?uid directed via a 
?uid passageway 78 from a point between proportional 
pressure compensating valve 36 and check valve 76. Fluid 
passageway 78 may be a conduit formed within valve body 
90 and may connect pressure compensating bore 218 and the 
upstream common supply conduit of passageway 60. Fluid 
passageway 78 may include a restrictive ori?ce 80 formed in 
valve body 90 to minimiZe pressure and/or ?ow oscillations 
within ?uid passageway 78. Proportional pressure compen 
sating valve 36 may be movable toward the ?ow passing 
position by a ?uid directed via a ?uid passageway 82 from 
shuttle valve 74. Fluid passageway 82 may be a conduit 
formed within valve body 90 and may connect the bore of 
shuttle valve 74 and pressure compensating bore 218. Fluid 
passageway 82 may include a restrictive ori?ce 84 formed 
within valve body 90 to minimiZe pressure and/or ?ow 
oscillations within ?uid passageway 82. It is contemplated 
that pressure compensating valve element 216 may alter 
nately be spring biased toward a ?ow blocking position, that 
the ?uid from passageway 82 may alternately bias the valve 
element of proportional pressure compensating valve 36 
toward the ?ow passing position, and/or that the ?uid from 
passageway 78 may alternately move the valve element of 
proportional pressure compensating valve 36 toward the 
?ow blocking position. It is also contemplated that propor 
tional pressure compensating valve 36 may alternately be 
located downstream of head-end and rod-end supply valves 
26, 30 or in any other suitable location. It is also contem 
plated that restrictive ori?ces 80 and 84 may be omitted, if 
desired. 
As illustrated in FIG. 3, an alternative hydraulic system 

22' including various elements that may cooperate to move 
work implement 14 is disclosed. The description and opera 
tion of alternative hydraulic system 22' is similar to hydrau 
lic system 22 as disclosed above and same reference numer 
als are used to identify like elements of both hydraulic 
systems 22, 22'. Accordingly, a detailed description of like 
elements is omitted and only the differences of alternative 
hydraulic system 22' are disclosed below. 

Head-end and rod-end supply valves 26, 30 may be 
con?gured to selectively control the ?uid ?ow in pressure 
balancing passageways 66, 68. Head-end supply valve 26 
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may include a tWo-position spring biased valve element 200' 
supported Within bore 202 formed Within valve body 90. 
Similarly, rod-end supply valve 30 may include a tWo 
position spring biased valve element 208' supported Within 
bore 210 formed Within valve body 90. Head-end and 
rod-end valve elements 200' and 208', similar to head-end 
and rod-end valve elements 200, 208, may be solenoid 
actuated and con?gured to move betWeen a ?rst position at 
Which ?uid is passed to a respective chamber 50, 52 and a 
second position at Which ?uid is blocked from ?oWing to a 
respective chamber 50, 52. When one of head-end or rod 
end supply valves 26, 30 is moved to a ?oW passing position 
and shuttle valve 74 is biased toWard the ?oW passing valve, 
a blocking portion 201', 209' of the ?oW passing valve may 
block ?uid ?oW Within one of pressure balancing passage 
Ways 66, 68. Similarly, When one of head-end or rod-end 
supply valves 26, 30 is moved to a ?oW blocking position 
and shuttle valve 74 is biased aWay from the ?oW blocking 
valve, blocking portion 201', 209' of the ?oW blocking valve 
may alloW ?uid ?oW Within one of pressure balancing 
passageWays 66, 68. For example, When head-end supply 
valve 26 is moved to a ?oW passing position, blocking 
portion 201' of head-end supply valve element 200' blocks 
?uid ?oW in pressure balancing passageWay 66. Similarly, 
When head-end supply valve 30 is moved to a ?oW passing 
position, blocking portion 209' of head-end supply valve 
element 208' blocks ?uid ?oW in pressure balancing pas 
sageWay 68. 

INDUSTRIAL APPLICABILITY 

The disclosed hydraulic system may be applicable to any 
Work machine that includes a ?uid actuator Where balancing 
of pressures and/or ?oWs of ?uid supplied to the actuator is 
desired. The disclosed hydraulic system may provide high 
response pressure regulation that protects the components of 
the hydraulic system and provides consistent actuator per 
formance in a loW cost simple con?guration. The operation 
of hydraulic system 22 Will noW be explained. 

Hydraulic cylinder 16 may be movable by ?uid pressure 
in response to an operator input. Fluid may be pressuriZed by 
source 24 and directed to valve body 90 via port 102. The 
pressurized ?uid may be further directed from port 102 to 
head-end and rod-end supply valves 26 and 30. In response 
to an operator input to either extend or retract piston 
assembly 48 relative to tube 46, one of head-end and rod-end 
supply valves 26 and 30 may move to the open position to 
direct the pressurized ?uid to the appropriate one of ?rst and 
second chambers 50, 52. Substantially simultaneously, one 
of head-end and rod-end drain valves 28, 32 may move to 
the open position to direct ?uid from the appropriate one of 
the ?rst and second chambers 50, 52 to tank 34 via port 100 
to create a pressure di?erential across piston 54 that causes 
piston assembly 48 to move. For example, if an extension of 
hydraulic cylinder 16 is requested, head-end supply valve 26 
may move to the open position to direct pressuriZed ?uid 
from source 24 to ?rst chamber 50. Substantially simulta 
neous to the directing of pressuriZed ?uid to ?rst chamber 
50, rod-end drain valve 32 may move to the open position 
to alloW ?uid from second chamber 52 to drain to tank 34. 
If a retraction of hydraulic cylinder 16 is requested, rod-end 
supply valve 30 may move to the open position to direct 
pressuriZed ?uid from source 24 to second chamber 52. 
Substantially simultaneous to the directing of pressuriZed 
?uid to second chamber 52, head-end drain valve 28 may 
move to the open position to alloW ?uid from ?rst chamber 
50 to drain to tank 34. 
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Because multiple actuators may be ?uidly connected to 

source 24, the operation of one of the actuators may a?‘ect 
the pressure and/ or ?oW of ?uid directed to hydraulic 
cylinder 16. If left unregulated, these a?‘ects could result in 
inconsistent and/ or unexpected motion of hydraulic cylinder 
16 and Work implement 14, and could possibly result in 
shortened component life of hydraulic system 22. Propor 
tional pressure compensating valve 36 may account for these 
a?‘ects by proportionally moving the valve element of pro 
portional pressure compensating valve 36 betWeen the ?oW 
passing and ?oW blocking positions in response to ?uid 
pressures Within hydraulic system 22 to provide a substan 
tially constant predetermined pressure drop across all supply 
valves of hydraulic system 22. 
As one of head-end and rod-end supply valves 26, 30 are 

moved to the ?oW passing position, pressure Within doWn 
stream common ?uid passageWay 62 on the ?oW passing 
valve side of shuttle valve 74 may be loWer than the pressure 
of the ?uid Within the doWnstream common signal ?uid 
passageWay 62 on the ?oW blocking side of shuttle valve 74. 
As a result, shuttle valve 74 may be biased by the higher 
pressure toWard the ?oW passing valve, thereby communi 
cating the loWer pressure from the ?oW passing valve and 
one of the ?uid passageWays 66, 68 to proportional pressure 
compensating valve 36 via passageWay 82. This loWer 
pressure communicated to proportional compensating valve 
36 may then act together With the force of the proportional 
pressure compensating valve spring against the pressure 
from ?uid passageWay 78. The resultant force may then 
either move the valve element of proportional pressure 
compensating valve 36 toWard the ?oW blocking or ?oW 
passing positions. As the pressure from source 24 drops, 
proportional pressure compensating valve 36 may move 
toWard the ?oW passing position and thereby maintain the 
pressure Within upstream common ?uid passageWay 60. 
Similarly, as the pressure from source 24 increases, propor 
tional pressure compensating valve 36 may move toWard the 
?oW blocking position to thereby maintain the pressure 
Within upstream common ?uid passageWay 60. In this 
manner, proportional pressure compensating valve 36 may 
regulate the ?uid pressure Within hydraulic system 22. 

Proportional pressure compensating valve 36 may also be 
con?gured to reduce pressure and/ or ?oW ?uctuations Within 
hydraulic system 22 caused by the occurrence of regenera 
tion processes Within hydraulic system 22. In particular, 
during movement of Work implement 14, there may be 
instances When an external force on Work implement 14 
generates a pressure Within one of ?rst and second chambers 
50, 52 that is greater than the pressure of the ?uid supplied 
to head-end or rod-end supply valves 26, 30 by source 24. 
During these instances, this high pressure ?uid may be 
regenerated to conserve energy. Speci?cally, this high pres 
sure ?uid may be directed from the appropriate one of ?rst 
and second chambers 50, 52 to upstream common ?uid 
passageWay 60. Proportional pressure compensating valve 
36 may accommodate this supply of high pressure ?uid by 
moving the valve element of proportional pressure compen 
sating valve 36 toWard the ?oW blocking position. In this 
manner, proportional pressure compensating valve 36 may 
provide substantially constant pressure even during regen 
eration processes. 
The operation of hydraulic system 22' is similar to that of 

hydraulic system 22 With the folloWing di?‘erence. As one of 
head-end and rod-end supply valves 26, 30 are moved to the 
?oW passing position, pressure Within doWnstream common 
signal ?uid passageWay 62 on the ?oW passing valve side of 
shuttle valve 74 may be loWer than the pressure of the ?uid 
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Within the downstream common signal ?uid passageway 62 
on the ?oW blocking side of shuttle valve 74. As a result, 
shuttle valve 74 may be biased by the higher pressure toWard 
the ?oW passing valve, thereby communicating only the 
loWer pressure from the ?oW passing valve to proportional 
pressure compensating valve 36 as ?uid ?oW Within one of 
?uid passageWays 66,68 may be blocked. For example, as 
head-end supply valve 26 moves to a ?oW passing position, 
valve element 200' may block ?uid ?oW Within ?uid pas 
sageWay 66. Shuttle valve 74 may be biased by higher 
pressure toWard head-end supply valve 26 thereby commu 
nicating loW pressure from head-end supply valve 26 to ?uid 
passageWay 82. Because valve element 200' may block ?uid 
?oW in pressure balancing ?uid passageWay 66, shuttle 
valve 74 may only communicate loW pressure from head 
end supply valve 26 to proportional pressure compensating 
valve 36 thereby reducing the ?uid ?oW of loW pressure 
communicated shuttle valve 74. 

Various components may be included in valve body 90. In 
particular, valve body 90 may provide a compact hydraulic 
valve unit and may realize reductions in space and/or 
material potentially reducing material and manufacturing 
costs. Valve body may further improve reliability by reduc 
ing the number of hydraulic line junctions thus potentially 
reducing leaks and/or chances of failure and improving 
signal strength and/or response timing. 

Because of proportional pressure compensating valve 36 
is hydro-mechanically actuated, pressure ?uctuations may 
be quickly accommodated before they can signi?cantly 
in?uence motion of hydraulic cylinder 16 or life of compo 
nents. In particular, the response time of proportional pres 
sure compensating valve 36 may be about 200 hz or higher, 
Which is much greater than typical solenoid actuated valves 
that respond at about 5*l5 hz. In addition, because propor 
tional pressure compensating valve 36 may be hydro-me 
chanically actuated rather than electronically controlled, the 
cost may be minimized. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the disclosed 
hydraulic system. Other embodiments Will be apparent to 
those skilled in the art from consideration of the speci?ca 
tion and practice of the disclosed hydraulic system. It is 
intended that the speci?cation and examples be considered 
as exemplary only, With a true scope being indicated by the 
folloWing claims and their equivalents. 
What is claimed is: 
1. A hydraulic system, comprising: 
a source of pressurized ?uid; 
a ?uid actuator having a ?rst chamber and a second 

chamber; 
a ?rst valve con?gured to selectively ?uidly communicate 

the source With the ?rst chamber; 
a second valve con?gured to selectively ?uidly commu 

nicate the source With the second chamber; 
a supply passageWay con?gured to direct pressurized ?uid 

from the source to the ?rst and second valves in 
parallel; 

a signal passageWay disposed betWeen the ?rst and sec 
ond valves, the ?rst and second valves being connected 
in parallel With the signal passageWay; 

a proportional pressure compensating valve con?gured to 
control a pressure of a ?uid directed betWeen the source 
and the ?rst and second valves; and 

at least one pressure balancing passageWay disposed 
betWeen the supply and the signal ?uid passageWays to 
?uidly communicate the supply and signal passage 
Ways. 
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2. The hydraulic system of claim 1, Wherein the at least 

one pressure balancing passageWay is a ?rst pressure bal 
ancing passageWay and the hydraulic system further 
includes a second pressure balancing passageWay disposed 
betWeen the supply and the signal passageWays to ?uidly 
communicate the supply and signal passageWays. 

3. The hydraulic system of claim 2, further including: 
a shuttle valve disposed Within the signal passageWay 

betWeen the ?rst and second pressure balancing pas 
sageWays; 

Wherein the shuttle valve selectively passes pressurized 
?uid from the signal passageWay in response to a ?uid 
pressure. 

4. The hydraulic system of claim 3, Wherein: 
the proportional pressure compensating valve is disposed 

betWeen the source and the supply passageWay; and 
the shuttle valve passes pressurized ?uid to the propor 

tional pressure compensating valve. 
5. The hydraulic system of claim 4, Wherein: 
the ?rst and second pressure balancing passageWays pass 

pressurized ?uid from the supply passageWay to the 
signal passageWay; and 

the shuttle valve selectively passes pressurized ?uid from 
one of the ?rst and second valves to the proportional 
pressure compensating valve. 

6. The hydraulic system of claim 4, Wherein: 
the ?rst and second pressure balancing passageWays pass 

pressurized ?uid from the supply passageWay to the 
signal passageWay; and 

the shuttle valve selectively passes a combination of 
pressurized ?uid from one of the ?rst and second valves 
and pressurized ?uid from one of the ?rst and second 
pressure balancing passageWays to the proportional 
pressure compensating valve. 

7. The hydraulic system of claim 2, Wherein: 
the ?rst valve is further con?gured to selectively block a 
?oW of pressurized ?uid in the ?rst pressure balancing 
passageWay When the ?rst valve selectively ?uidly 
communicates the source With the ?rst chamber; and 

the second valve is further con?gured to selectively block 
?oW of pressurized ?uid in the second pressure bal 
ancing passageWay When the second valve selectively 
?uidly communicates the source With the second cham 
ber. 

8. The hydraulic system of claim 1, Wherein the ?rst valve 
is further con?gured to selectively block a ?oW of pressur 
ized ?uid in the at least one pressure balancing passageWay 
When the ?rst valve selectively ?uidly communicates the 
source With the ?rst chamber. 

9. A hydraulic valve unit, comprising: 
a body including: 

a ?rst valve con?gured to selectively ?uidly commu 
nicate a source of pressurized ?uid With a ?rst 
chamber of a ?uid actuator; 

a second valve con?gured to selectively ?uidly com 
municate the source With a second chamber of the 

?uid actuator; 
a proportional pressure compensating valve con?gured 

to control a pressure of ?uid directed betWeen the 
source and the ?rst and second valves dependent on 
a load acting on the ?uid actuator; 

a supply passageWay disposed betWeen the source and 
the ?rst and second valves, Wherein the ?rst and 
second valves are connected to the supply passage 
Way in parallel and the proportional pressure com 
pensating valve is disposed Within the supply pas 
sageWay. 
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10. The hydraulic valve unit of claim 9, wherein the body 
further includes: 

a third valve con?gured to selectively ?uidly communi 
cate a tank with the ?rst chamber; and 

a fourth valve con?gured to selectively ?uidly commu 
nicate the tank with the second chamber. 

11. The hydraulic valve unit of claim 10, wherein each of 
the ?rst, second, third, and fourth valves are solenoid 
actuated proportional control valves. 

12. The hydraulic valve unit of claim 9, wherein the body 
further includes: 

a signal passageway disposed downstream of the ?rst and 
second valves, the ?rst and second valves being in ?uid 
communication with the signal passageway; and 

a shuttle valve disposed within the signal passageway 
between the ?rst and second valves, wherein the shuttle 
valve selectively opens in response to a ?uid pressure. 

13. The hydraulic valve unit of claim 12, further includ 
mg: 

at least one pressure balancing passageway disposed 
between the supply and signal passageways. 

14. The hydraulic valve unit of claim 13, wherein the at 
least one pressure balancing passageway is a ?rst pressure 
balancing passageway and the hydraulic valve unit further 
includes a second pressure balancing passageway disposed 
between the supply and signal passageways. 

15. The hydraulic valve unit of claim 14, wherein: 
the ?rst and second pressure balancing passageways pass 

pressurized ?uid from the supply passageway to the 
signal passageway; and 

the shuttle valve selectively passes pressurized ?uid from 
one of the ?rst and second valves to the proportional 
pressure compensating valve. 

16. The hydraulic valve unit of claim 14, wherein: 
the ?rst and second pressure balancing passageways pass 

pressurized ?uid from the supply passageway to the 
signal passageway; and 

the shuttle valve selectively passes a combination of 
pressurized ?uid from one of the ?rst and second 
pressure balancing passageways and pressurized ?uid 
from one of the ?rst and second valves to the propor 
tional pressure compensating valve. 

17. The hydraulic valve unit of claim 14, wherein: 
the ?rst valve is further con?gured to selectively block a 
?ow of pressurized ?uid in the ?rst pressure balancing 
passageway when the ?rst valve selectively ?uidly 
communicates the source with the ?rst chamber; and 

the second valve is further con?gured to selectively block 
?ow of pressurized ?uid in the second pressure bal 
ancing passageway when the second valve selectively 
?uidly communicates the source with the second cham 
ber. 

18. The hydraulic valve unit of claim 13, wherein the ?rst 
valve is further con?gured to selectively block a ?ow of 
pressurized ?uid in the at least one pressure balancing 
passageway when the ?rst valve selectively ?uidly commu 
nicates the source with the ?rst chamber. 

19. The hydraulic valve unit of claim 12, wherein the 
body further includes: 

a third ?uid passageway con?gured to direct pressurized 
?uid from one of the ?rst and second valves via the 
shuttle valve to the proportional pressure compensating 
valve to bias a proportional pressure compensating 
valve element between a ?ow passing and a ?ow 
blocking position. 

20. The hydraulic valve unit of claim 9, wherein the body 
further includes: 
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a check valve disposed between the proportional pressure 

compensating valve and the ?rst and second valves. 
21. The hydraulic valve unit of claim 9, wherein the body 

further includes: 
at least one pressure relief valve ?uidly connected to one 

of the ?rst chamber and the second chamber, the at least 
one pressure relief valve being con?gured to commu 
nicate the one of the ?rst and second chambers with the 
tank in response to a ?uid pressure within the one of the 
?rst and second chambers exceeding a predetermined 
pressure. 

22. The hydraulic valve unit of claim 9, wherein the body 
further includes: 

at least one makeup valve ?uidly connected to one of the 
?rst and second chambers, the at least one makeup 
valve being con?gured to communicate one of the ?rst 
and second chambers with the tank in response to a 
?uid pressure within the one of the ?rst and second 
chambers dropping below a predetermined pressure. 

23. A method of operating a hydraulic system, compris 
ing: 

pressurizing a ?uid; 
directing pressurized ?uid to a ?rst valve in communica 

tion with a ?rst chamber of an actuator via a supply 
passageway; 

directing pressurized ?uid to a second valve in commu 
nication with a second chamber of the actuator via the 
supply passageway; 

selectively operating at least one of the ?rst and second 
valves to move the actuator; 

directing pressurized ?uid from a signal passageway 
disposed downstream of the ?rst and second valves to 
a pressure compensating valve element; 

directing pressurized ?uid from the supply passageway to 
the signal passageway via at least one pressure balanc 
ing passageway; 

moving the pressure compensating valve element in 
response to a pressure differential between an inlet of 
one of the ?rst and second valves and the signal 
passageway to maintain a predetermined differential 
across at least one of the ?rst and second valves within 
a predetermined range of desired pressure di?ferential. 

24. The method of claim 23, wherein the at least one 
pressure balancing passageway is a ?rst pressure balancing 
passageway, and the method further includes directing pres 
surized ?uid from the supply passageway to the signal 
passageway via a second pressure balancing passageway. 

25. The method of claim 24, wherein selectively operating 
at least one of the ?rst and second valves further includes: 
moving a valve element of one of the ?rst and second 

valves to pass pressurized ?uid from the supply pas 
sageway to the actuator and to selectively block ?ow of 
pressurized ?uid in the ?rst pressure balancing pas 
sageway; and 

moving a valve element of the other of the ?rst and second 
valves to pass pressurized ?uid from the supply pas 
sageway to the actuator and to selectively block ?ow of 
pressurized ?uid in the second pressure balancing pas 
sageway. 

26. The method of claim 23, further including, directing 
pressurized ?uid from the signal passageway to the pressure 
compensating valve element via a shuttle valve in response 
to a pressure. 

27. The method of claim 23, wherein selectively operating 
at least one of the ?rst and second valves further includes 
selectively blocking ?ow of pressurized ?uid in the at least 
one pressure balancing passageway. 



US 7,204,185 B2 
15 

28. A Work machine, comprising: 
a Work implement; and 
a hydraulic system, including: 

a source of pressurized ?uid; 
a tank; 
a valve body including: 
a ?rst valve con?gured to selectively ?uidly commu 

nicate the source With a ?rst chamber of a ?uid 

actuator; 
a second valve con?gured to selectively ?uidly com 

municate the source With a second chamber of the 
?uid actuator; 

a proportional pressure compensating valve to control 
a pressure of ?uid directed betWeen the source and 
the ?rst and second valves; 

a shu?le valve disposed Within a signal passageWay 
betWeen the ?rst and second valves, Wherein the 
shuf?e valve is con?gured to selectively ?uidly 
communicate pressurized ?uid associated With the 
one of the ?rst and second valves having a loWer 
pressure than the pressurized ?uid associated With 
the other one of the ?rst and second valves toWard 
the proportional pressure compensating valve; 

a supply passageWay disposed betWeen the source and 
the ?rst and second valves, Wherein the ?rst and 
second valves are connected to the supply passage 
Way in parallel and the proportional pressure com 
pensating valve is disposed Within the supply pas 
sageWay. 

29. The Work machine of claim 28, Wherein the body 
further includes: 

a third valve con?gured to selectively ?uidly communi 
cate the tank With the ?rst chamber; and 

a fourth valve con?gured to selectively ?uidly commu 
nicate the tank With the second chamber. 

30. The Work machine of claim 29, Wherein each of the 
?rst, second, third, and fourth valves are solenoid actuated 
proportional control valves. 

31. The Work machine of claim 28, Wherein the 
signal passageWay is disposed doWnstream of the ?rst and 

second valves, the ?rst and second valves being in ?uid 
communication With the signal passageWay. 

32. The Work machine of claim 28, Wherein the hydraulic 
system further includes: 

at least one pressure balancing passageWay disposed 
betWeen the supply and signal passageWays. 

33. The Work machine of claim 32, Wherein the at least 
one pressure balancing passageWay is a ?rst pressure bal 
ancing passageWay and the hydraulic valve unit further 
includes a second pressure balancing passageWay disposed 
betWeen the supply and signal passageWays. 

34. The Work machine of claim 33, Wherein: 
the ?rst and second pressure balancing passageWays pass 

pressurized ?uid from the supply passageWay to the 
signal passageWay; and 

the shu?le valve selectively passes pressurized ?uid from 
one of the ?rst and second valves to the proportional 
pressure compensating valve. 
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35. The Work machine of claim 33, Wherein: 

the ?rst and second pressure balancing passageWays pass 
pressurized ?uid from the supply passageWay to the 
signal passageWay; and 

the shuttle valve selectively passes a combination of 
pressurized ?uid from one of the ?rst and second 
pressure balancing passageWays and pressurized ?uid 
from one of the ?rst and second valves to the propor 
tional pressure compensating valve. 

36. The Work machine of claim 33, Wherein: 

the ?rst valve is further con?gured to selectively block a 
?oW of pressurized ?uid in the ?rst pressure balancing 
passageWay When the ?rst valve selectively ?uidly 
communicates the source With the ?rst chamber; and 

the second valve is further con?gured to selectively block 
?oW of pressurized ?uid in the second pressure bal 
ancing passageWay When the second valve selectively 
?uidly communicates the source With the second cham 
ber. 

37. The Work machine of claim 32, Wherein the ?rst valve 
is further con?gured to selectively block a ?oW of pressur 
ized ?uid in the at least one pressure balancing passageWay 
When the ?rst valve selectively ?uidly communicates the 
source With the ?rst chamber. 

38. The Work machine of claim 28, Wherein the body 
further includes: 

a third ?uid passageWay con?gured to direct pressurized 
?uid from one of the ?rst and second valves via the 
shuttle valve to the proportional pressure compensating 
valve to bias a proportional pressure compensating 
valve element betWeen a ?oW passing and a ?oW 
blocking position. 

39. The Work machine of claim 28, Wherein the body 
further includes: 

a check valve disposed betWeen the proportional pressure 
compensating valve and the ?rst and second valves. 

40. The Work machine of claim 28, Wherein the body 
further includes: 

at least one pressure relief valve ?uidly connected to one 
of the ?rst chamber and the second chamber, the at least 
one pressure relief valve being con?gured to commu 
nicate the one of the ?rst and second chambers With the 
tank in response to a ?uid pressure Within the one of the 
?rst and second chambers exceeding a predetermined 
pressure. 

41. The Work machine of claim 28, Wherein the body 
further includes: 

at least one makeup valve ?uidly connected to one of the 
?rst and second chambers, the at least one makeup 
valve being con?gured to communicate the one of the 
?rst and second chambers With the tank in response to 
a ?uid pressure Within the one of the ?rst and second 
chambers dropping beloW a predetermined pressure. 
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